A silica-gel chemically modified with ethyl-2-benzothiazolylacetate (SiB) has been synthesized and characterized. The extractions towards Pb(II), Cu(II), Co(II), Cd(II) and Ni(II) were carried out in batch extraction. The maximum extraction was found at pH > 4 within 10 min. The maximum adsorption capacities, evaluated from Langmuir's model were 221, 141, 13, 7 and 5 µmol g -1 for Pb(II), Cu(II), Co(II), Cd(II) and Ni(II), respectively. Home-made mini-columns were used in the flow system. The parameters that affected the extraction efficiency were explored. Sample volumes of 100.0 mL and 1% HNO3 of 5.0 mL as the eluent were employed under the optimized conditions. No interfering from Na + , K + , Mg 2+ , Ca
introduction
Nowadays, heavy metals are one of the contaminants found in environments, especially in soil and natural water. In soil, toxic metals are fixed by organic matter, such as humic acid. Therefore, the dispersion of toxic substances to other places is limited. However, contaminants in water can be dispersed more readily. Therefore, separating toxic metals from water is crucial due to environmental concern. 1, 2 The determination of trace heavy metals using atomic spectroscopy, such as flame atomic absorption spectroscopy (FAAS), has encountered many problems, such as the detection limit of the technique and interferences in sample matrices. Therefore, solid-phase extraction (SPE) is a good tool to solve these problems, because this technique can be used to preconcentrate the trace of an analyte to a determinable level, and to remove any interferences in a sample matrix before determining by FAAS. 3 In the SPE technique, a sorbent is the most important part. The sorbent must be specific to a particular analyte. There are several reports concerning sorbent materials for SPE, for example, PS-DVB, 4 mesoporous silica, 5, 6 Amberlite XAD resin, 7 carbon nanotube 8, 9 and silica gel. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Sorbent modification methods can be carried out in many ways, such as the impregnation of a chelating ligand onto the sorbent, modification on an octadecyl silica membrane [23] [24] [25] and the sorption of a metal-soluble ligand on the activated carbon. 26 However, modifying chelating ligands and fixing them to a solid support, such as silica gel, are practically employed in SPE studies.
Silica gel has been modified with chelating agents, such as xylenol orange, 10 aminothio-amidoanthraquinone, 11 2,4,6-trimorpholino-1,3,5-triazin, 12 2-aminotiazole, 13 2-mercaptobenzothiazole, 14 3-(1-imidazolyl)propyl, 15 5-formyl-3-(1′-carboxyphenylazo)salicylic acid, 16 8-hydroxyquinoline, 17 tris(2-aminoethyl)amine, 18 gallic acid, 19 and p-dimethylaminobenzaldehyde. 20 Moreover, silica gel can be modified with 1,4-bis(3-aminopropyl)piperazine and a subsequent reaction with methylacrylate to yield a carboxylate chelating moiety. 21 Each chelating ligand has different donor atoms and different geometry, resulting in specificity to a particular metal ion.
In 2007, Meesri et al. 4 covalently attached ethyl-2-benzothiazolylacetate onto the surface of polystyrenedivinylbenzene resin (PS-DVB) with an amide linkage (BA-PS-DVB) and an azo linkage (azo-BA-PS-DVB). They reported that the selectivity of metal ions on both BA-PS-DVB and azo-BA-PS-DVB was in the order of Cu(II) > Pb(II) > Cd(II). However, applications of these sorbents in the flow system showed low recoveries of metal ions (71 -74%) probably due to the slow adsorption kinetic of the modified resins.
Our group continues to search for new materials for the extraction of metal ions in a selective way. 11, 22 From our previous reports, a fast adsorption kinetic of the silica gel-based sorbent was always observed. Therefore, in the present work, we have developed a silica-gel sorbent modified with ethyl-2-benzothiazolylacetate. The sorbent affinity towards the selective extraction of Cu(II), Pb(II), Ni(II), Cd(II) and Co(II) ions was carefully explored. Applications in the solid-phase extraction and preconcentration in a mini-column were also carried out.
experimental

Chemicals
Ethylcyanoacetate (Fluka), 2-aminothiophenol (Merck) and aminopropyl triethoxy silane (Acros Organic) were of analytical grade. Silica gel (Merck, particle size of 70 -230 mesh and mean pore diameter of 60 Å) was used as a solid support. All chemicals were used without further purification. Commercial-grade solvents, such as dichloromethane and methanol, were purified by distillation. Toluene was dried over CaH2, and freshly distilled under nitrogen prior to use. Standard metal solutions (BDH) were prepared by a stepwise dilution of 1000 mg L -1 stock standard metal nitrate solutions. Working metal solutions were freshly prepared by stepwise dilution from the stock solutions. All solutions were prepared by using Milli-Q water (18 MΩ cm -2 ). 11, 22 Silica gel (50 g) was suspended in 200 mL of dried toluene. The mixture was then heated at reflux and mechanically stirred under nitrogen for 2 h. Aminopropyl triethoxy silane (20 mL) was added dropwise, and the mixture was continued to be heated at reflux for 24 h. The solid was then filtered and washed with methanol (2 × 250 mL) and dichloromethane (3 × 250 mL). This immobilized silica gel (SiAPTS) was dried in vacuo and kept in a desiccator.
Functionalization of silica gel
Immobilization of ethyl-2-benzothiazolylacetate
Ethyl-2-benzothiazolylacetate was synthesized from a reaction between ethylcyanoacetate and 2-aminothiophenol using an adapted literature procedure. 27 SiAPTS (20 g) was suspended in 150 mL of dried toluene. Ethyl-2-benzothiazolylacetate (1 g) was added into the mixture. The mixture was heated at reflux and mechanically stirred under nitrogen for 24 h. The modified silica containing the immobilized ethyl-2-benzothiazolylacetate (SiB) was filtered and washed with dichloromethane (2 × 250 mL), ethanol (2 × 250 mL) and dichloromethane (2 × 250 mL). SiB was dried in vacuo and kept in a desiccator.
Characterization
An attenuated total reflectance Fourier transforms infrared spectrometer (ATR-FTIR) (Model Nicolet Magna-IR 750) was used to determine functional groups. The specific surface area was obtained by using the BET equation on a Thermofinnigan Sorptomatic1990. TGA was carried out on a Netzsch STA 409C thermal analyzer at a heating rate of 20 C min -1 in an air atmosphere. The organic moieties were characterized by solid state 13 C-NMR on a Bruker DPX-300 NMR spectrometer.
Batch extraction
The extraction process was carried out in an aqueous solution at 298 ± 1 K for divalent cations: Cu(II), Pb(II), Ni(II), Co(II) and Cd(II). The model solutions contained 5 mg L -1 of Cu(II), Ni(II) and Co(II), 2 mg L -1 of Cd(II) and 10 mg L -1 of Pb(II) were adjusted to an appropriate pH using 1% HNO3 and 1% KOH before extraction. A fixed amount of SiB (20 mg) was suspended in 5.0 mL of metal solutions. The suspension was mechanically stirred for an appropriate contact time. The residual metal concentration of the supernatant was determined by a flame atomic absorption spectrometer (Perkin-Elmer AAnalyst 100).
Column extraction and preconcentration
SiB (20 -70 mg) was packed in a home-made mini-column (2.7 mm i.d. and 2.5 cm length) using cotton frits. The metal ion solutions were adjusted to appropriate pH (from batch experiment) before passing through the mini-column at a controlled flow rate using a peristaltic pump. The sorbed ions were desorbed by passing 5.0 mL of 1% HNO3 at a flow rate of 0.5 mL min -1 . All experiments were carried out in triplicate.
results and Discussion
Synthesis and characterization
The synthesis procedure of the new solid phase SiB is summarized in Scheme 1.
The silica gel surface was firstly functionalized by a reaction with aminopropyltriethoxy silane (APTS) to give SiAPTS. Subsequently, ethyl-2-benzothiazolylacetate reacted with SiAPTS to yield immobilized silica gel (SiB) via an amide linkage. The ATR-FTIR spectrum of SiB showed absorption bands of carbonyl of the amide group at 1750 cm -1 , aromatic benzene at around 1600 -1650 cm -1 and aliphatic C-H stretching at 2900 -3000 cm -1 . On the other hand, the SiO2 spectrum showed mostly the characteristic peak of the SiO2 base material. The solid state 13 C-NMR spectrum showed three signals at δ 42.9, 22.7 and 10.3 ppm, which were the signals of propyl carbon (-Si-CH2-CH2-CH2-NH-). The signal at δ 168.5 ppm corresponded to the carbonyl of amide and the signals at δ 123, 130 and 137 ppm corresponded to the aromatic carbon atoms.
The results support the presence of ethyl-2-benzothiazole groups on the silica-gel surface.
The specific surface area (SBET) 28 of SiB was obtained by nitrogen adsorption at several pressures. The SBET of SiB, 269.4 m 2 g -1 , was smaller than that of non-functionalized silica gel, SBET = 421.1 m 2 g -1 . A decrease in SBET was probably due to the presence of organic moieties that could block the access of nitrogen to the silica framework. [29] [30] [31] The BJH average pore diameter of SiB was 55.7 Å.
Thermal and chemical stabilities of SiB and the original silica gel were determined by using thermal gravimetric analysis (TGA). The TGA thermogram of the original silica gel showed only one mass change at around 25 -100 C (Fig. 1) . This mass loss could be the loss of absorbed water or moisture. However, the TGA thermogram of SiB showed 3 steps of mass loss. The first 4% weight loss was probably due to absorbed water. The second 8% mass loss around 180 -460 C could be loss of the benzothiazole group. Finally, 7% mass loss at 460 -800 C could be the loss of a modified silane compound. This result supported that the organic moieties were covalently immobilized on the silica-gel surface. Figure 2 shows the effect of the pH on the sorptions of Cu(II), Pb(II), Ni(II), Cd(II) and Co(II). It was found that Cu(II) and Pb(II) were quantitatively sorbed at pH > 4, while the sorption of other metal ions at pH 3 -6 was low. A similar behavior was also observed from the extraction of Cd(II), Ni(II) and Co(II) at pH > 3. However, the three metals exhibited a lower sorption ability. In an acidic solution, the N donor, which serves as an electron donor can be protonated, resulting in a positive charge that repels metal ions. Nevertheless, this can be beneficial to the back-extraction step, because lowering the solution pH facilitates decomplexation of the metal ion from the sorbent. Effect of the contact time. The times required for reaching equilibrium were determined using the model solutions, which were adjusted to pH 5 before extraction. Fast kinetic and quantitative extraction of Cu(II) were observed at this pH. For Pb(II) extraction, the moderate kinetic was observed at around 10 min to reach a constant capacity. This is an important factor for applications in a flow system in which the extraction time between a metal ion and the sorbent should be very short. A contact time of 10 min was found to be enough to attain equilibrium for all five metal ions. Adsorption isotherm. The capacity of the sorbent can be described by the adsorption isotherm, which is the ratio between the quantity of adsorbed metal and the quantity of metal remaining in solution at a constant temperature. The Langmuir's model 32 is suitable for use in the study of a solid-liquid system in which the distribution of the equilibrium concentrations tends to be skewed towards the lower end of the range of the equilibrium concentrations. This model is based on the assumption that the maximum adsorption corresponds to the saturated monolayer of adsorbed species on the surface.
Batch method Effect of solution pH.
The Langmuir adsorption isotherm is often used for the adsorption of a solute from a liquid solution, as shown in the following equation. , the concentration of metal ion adsorbed on the surface (mol g -1 sorbent), the maximum adsorption capacity (mol g -1 sorbent) and the ratio of Keq and the activity of the solution, respectively. By plotting C/Nf against C, the constant b and N f s can be evaluated from the intercept and the slope of the graph, respectively. The adsorption isotherms for the studied metal ions are represented in Fig. 3 , and the parameters of the Langmuir adsorption isotherms are summarized in Table 1 .
The correlation coefficients are closed to 1, indicating a good fit with the Langmuir's isotherm. These results suggest that the sorptions of Pb(II), Cu(II), Co(II), Cd(II), and Ni(II) on SiB surface obey the Langmuir's adsorption isotherm.
The monolayer coverage of metal ions on the silica surface occurred, and other mechanisms, such as precipitation and second adsorption on the first layer, did not occur. These results indicate that the metal ions are directly coordinated on SiB, probably by using nitrogen, sulfur and oxygen donors without any other transfer mechanism. 34, 35 The maximum adsorption capacity of SiB is highest for Pb(II). The sequence of maximum adsorption capacity is Pb(II) > Cu(II) >> Co(II) > Cd(II) ≈ Ni(II). This is probably due to the soft base nature of the donor units (N and S) in ethyl-2-benzothiazolylacetate. Figure 4 shows the effect of the solution flow rate towards Cu(II) and Pb(II) extraction; 20 mg of SiB can be used to extract Cu(II) with no limit of the extraction flow rate, while the extraction efficiencies of Pb(II) were satisfied at flow rates from 0.4 to 1.6 mL min -1 . This result can be explained in thermodynamic and kinetic aspects. Although Pb(II) formed a more stable complex with the receptor unit than Cu(II), the adsorption kinetic of Pb(II) on SiB is slower than Cu(II). Therefore, more contact time is needed in the case of Pb(II) in order to establish equilibrium. However, the extraction of Pb(II) at a higher flow rate can possibly be achieved if the amount of SiB is increased. Nevertheless, some technical difficulties, such as back pressure must be understood. Effect of the HNO3 concentration as stripping solution. Several types of stripping solutions can be employed, depending on how strong are the interactions of the metal and the ligand. Jamali et al. 5 have employed thiourea for eluting Pd(II) from thiophene-2-cabaldehyde-modified mesoporous silica with excellent recovery. Fan et al. 10 reported on the adsorption of Hg(II) onto chemically modified silica when xylenol orange and HClO4 were used as the eluent, followed by determination with spectrophotometry without interferences from the eluent. In addition, for determining metal eluted from the sorbent by using FAAS, an acid such as nitric acid seemed to be compatible owing to no interference.
Column method Effect of the solution flow rate.
A solution of 5.0 mg L -1 Pb(II) or 2.5 mg L -1 Cu(II) was passed through a mini-column packed with 20 mg SiB at solution flow rates of 1.6 and 6.0 mL min -1 for Pb(II) and Cu(II), respectively. After the extraction had been completed, the mini-column was desorbed by passing 5.0 mL of 1 -7% (v/v) of an ultra-pure HNO3 solution at a flow rate of 0.5 mL min -1 . This flow rate was chosen to ensure the elution . Table 2 shows that the recoveries of Cu(II) were acceptable at any initial concentration when only 20 mg of SiB was used. However, low recoveries of Pb(II) were obtained with 20 mg of SiB. Increasing the amount of SiB to 50 mg was not sufficient to improve the acceptable recoveries of Pb(II). Good recoveries of Pb(II) were obtained when 70 mg of SiB was used with no influence of the sample volume. The results indicate that good and satisfied recoveries were reached for all solution volumes in the study range. The observed extraction efficiency of Cu(II) was better than that of Pb(II). Nevertheless, Pb(II) showed a higher adsorption capacity than did Cu(II). This suggested that in the flow system, a higher adsorption capability was not the main requirement. On the other hand, a faster adsorption kinetic is more important in the flow system due to a shorter contact time compared to a batch experiment. Effect of interfering ions. For real environmental samples, the concentration of heavy metals is usually low. On the other hand, the concentrations of major abundance ions (for example Na ) are high. The ideal sorbent should selectively extract only the ion of interest without any interfering from alkali or alkaline earth metals. Therefore, the material based ion-exchange mechanism of a non-selective extracted material will not work well in this situation due to competitive extraction. In this situation a selective material with the chelation mechanism is a good candidate. Experiments were carried out using a 100 mL of binary mixture containing 10 µg of Cu(II) or 25 µg of Pb(II) and each interfering ion i.e. Na , Cl -, and SO4 2-at 3 concentration levels. The ionic salts used were nitrate or sodium salts. The model solutions were passed through a column packed with 20 or 70 mg of SiB. The hypothesis was initially that the interferents might decrease the extraction efficiency of the analyte by observing the % recovery in the system with and without tested ions.
The recoveries of Cu(II) and Pb(II) given in Table 3 were not less than those in the absence of interfering ions in all 3 tested levels. In addition, SiB showed high selectivity towards Cu(II) and Pb(II), and could be applied to extract and preconcentrate such ions in real systems.
Applications of SiB in the determination of Pb(II) and Cu(II) in real water samples
According to the proposed preconcentration method, the initial volume was 100.0 mL, and the sorbed metal ions were eluted by using 5.0 mL of 1% HNO3. Therefore, this proposed method can concentrate a metal ion to 20-times (P.F.) as high as its initial concentration. The method detection limits (MDL) were found to be 22 and 1.0 ng mL -1 for Pb(II) and Cu(II), respectively.
The applications of SiB to determine Cu(II) and Pb(II) in real spiked water samples were performed by using the recovery of the spiked sample for indicating the accuracy and precision of the method evaluated from %RSD of 6 replicates. All samples were collected with a polyethylene bottle and used without storage. The Chulalongkorn University (CU) pond water was filtered through a nylon 0.45 µm membrane. Tap water and drinking water were used without any pretreatment.
The concentrations of Cu(II) and Pb(II) in the samples (Table 4) were lower than MDL. The recoveries of Cu(II) in CU pond water, tap water and drinking water were 85, 91 and 104%, respectively. In addition, the recoveries of Pb(II) were found to be 74, 90 and 90% for CU pond water, tap water and drinking water, respectively. Table 4 also shows that the precision of this method was excellent with %RSD being less than 7%. The spiked recovery and %RSD values were in good agreement with the acceptable reference values. 36 Therefore, the proposed method exhibited good accuracy and precision.
Conclusions
The novel silica having a benzothiazole group, SiB, was 
a. Mean value ± SD, n = 3. b. Mean recovery ± SD, n = 3 without interfering ions. , n = 6. ND = not detectable.
successfully synthesized by easy synthetic procedures. The effect of the pH, contact time and adsorption behavior were evaluated. The results clearly showed the important role of the modified functional groups to the selectivity of SiB towards Cu(II) and Pb(II). The adsorption behavior is agreeable with Langmuir's adsorption isotherm with different maximum sorption capacity. In the flow system, the solution flow rate, sample volume and stripping solution were optimized. All of the optimized parameters were employed in real spiked water samples. The results showed that this method had a high potential for use in real water samples with acceptable recovery and good precision. The detection limits for Cu(II) and Pb(II) were low enough for this method to be used in the preconcentration of such ions before determining by FAAS. 
